APPLICATION FOR 
UNITED STATES PATENT 



Inventors: 

J. Glenn Edelen 
George K. Parish 
Kristi M. Rowe 



LEXMARK INTERNATIONAL INC. 



Lexmark Docket No.: 2003-0434.02 

PRINTHEAD HAVING EMBEDDED MEMORY DEVICE 



FIELD OF THE INVENTION 

The invention relates to ink jet printheads and in particular to ink jet 
printheads containing memory devices embedded in a printhead substrate. 

BACKGROUND OF THE INVENTION 

5 Ink jet printers continue to experience wide acceptance as economical 

rq)lacements for laser printers. Such ink jet printers are typically more versatile than 
laser printers for some applications. As the capabilities of ink jet printers are 
increased to provide higher quality images at increased printing rates, printheads, 
which are the primary printing components of ink jet printers, continue to evolve and 

10 become more complex. As the complexity of the printheads increases, so does the 
cost for producing the printheads. Nevertheless, there continues to be a need for 
printers having enhanced capabilities. For example, ink cartridges having memory 
attached to the cartridges enables printers to access data about the ink cartridge and 
tailor printing activities corresponding to the characteristics of the ink cartridges. 

15 Competitive pressure on print quality and price promote a continued need to produce 
printheads with enhanced capabilities in a more economical manner. 

SUMMARY OF THE INVENTION 

With regard to the foregoing and other objects and advantages there is 
20 provided a semiconductor substrate for a micro-fluid ejecting device. The 
semiconductor substrate includes a plurality of fluid ejection devices disposed on the 
substrate. A plurality of driver transistors are disposed on the substrate for driving the 
plurality of fluid ejection devices. A programmable memory matrix containing 
embedded programmable memory devices is operatively connected to the micro-fluid 
25 ejecting device for collecting and storing information on the semiconductor substrate 
for operation of the micro-fluid ejecting device. 

In another embodiment there is provided an ink jet printer cartridge for an ink 
jet printer. The cartridges includes a cartridge body having an ink supply source and a 
printhead attached to the cartridge body in fluid communication with the ink supply 
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source. The printhead includes a semiconductor substrate having a plvirality of ink 
ejection devices disposed on the substrate. A plurality of driver transistors are 
disposed on the substrate for driving the plurality of ink ejection devices. A 
programmable memory matrix containing embedded programmable memory devices 
5 is operatively connected to the ink jet printer for collecting and storing information on 
the semiconductor substrate for operation of the ink jet printer. A nozzle plate is 
attached to the semiconductor substrate for ejecting ink therefrom upon activation of 
the ink ejection devices. 

An advantage of the invention is that it provides printheads having increased 

10 on-board memory while reducing the area of the substrate required for memory device 
allocation. For example, printheads having conventional fuse or fuse diode memory 
devices require about four times the substrate surface area as an embedded memory 
device according to the invention. Accordingly, for the same substrate surface area, 
substantially more memory can be provided for a printhead using an embedded 

15 memory device according to the invention. Likewise, printhead substrates according 
to the invention containing the same amount of memory as substrates containing fuse 
memory devices, can be made substantially smaller. 

For purposes of this invention, the term "embedded" is intended to mean 
integral with the substrate as opposed to being separate from but physically connected 

20 to the substrate by wires and/or electrical traces. An embedded memory device is a 
device that is formed in the silicon substrate that is used for providing the fluid 
ejection devices and drivers for a micro-fluid ejecting device such as an ink jet 
printhead. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages of the invention will become apparent by reference to the 
detailed description of preferred embodiments when considered in conjimction with 
the following drawings illustrating one or more non-limiting aspects of the invention, 
wherein like reference characters designate like or similar elements throughout the 
30 several drawings as follows: 
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Fig. 1 is a micro-fluid ejecting device cartridge, not to scale, containing a 
semiconductor substrate according to the invention; 

Fig. 2 is a cross-sectional view, not to scale of a portion of a micro-fluid 
ejection head according to the invention; 
5 Fig. 3 is a schematic drawing of an embedded memory matrix according to the 

invention; 

Figs. 4 and 5 are schematic drawings of embedded memory cells according to 
the invention; 

Figs. 6 and 7 are schematic drawings of PMOS floating gate memory devices 
10 according to the invention; 

Fig. 8 is a graph of read current versus pulse duration for an embedded 
memory device according to the invention; 

Fig. 9 is a plan view, not to scale, of a micro-fluid ejection head containing a 
memory matrix according to the invention; 
15 Fig. 10 is a partial simplified logic diagram of a micro-fluid ejection device 

containing an ejection head according to the invention; and 

Fig. 1 1 is a perspective view of a micro-fluid ejecting device according to the 
invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

With reference to Fig. 1, a fluid cartridge 10 for a micro-fluid ejecting device 
is illustrated. The cartridge 10 includes a cartridge body 12 for supplying a fluid to a 
fluid ejection head 14. The fluid may be contained in a storage area in the cartridge 
body 12 or may be supplied from a remote source to the cartridge body. 

25 The fluid ejection head 14 includes a semiconductor substrate 16 and a nozzle 

plate 1 8 containing nozzle holes 20. It is preferred that the cartridge be removably 
attached to a micro-fluid ejecting device such as an ink jet printer. Accordingly, 
electrical contacts 22 are provided on a flexible circuit 24 for electrical connection to 
the micro-fluid ejecting device. The flexible circuit 24 includes electrical traces 26 

30 that are connected to the substrate 16 of the fluid ejection head. 
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An enlarged view, not to scale, of a portion of the fluid ejection head 14 is 
illustrated in Fig. 2. In this case, the fluid ejection head 14 contains a thermal heating 
element 28 for heating the fluid in a fluid chamber 30 formed in the nozzle plate 18 
between the substrate 16 and a nozzle hole 20. However, the invention is not limited 
5 to a fluid ejection head 14 containing a theraial heating element 28. Other fluid 
ejection devices, such as piezoelectric devices may also be used to provide a fluid 
ejection head according to the invention. 

Fluid is provided to the fluid chamber 30 through an opening or slot 32 in the 
substrate 16 and through a fluid channel 34 connecting the slot 32 with the fluid 

10 chamber 30. The nozzle plate 18 is preferably adhesively attached to the substrate 16 
as by adhesive layer 36. In a particularly preferred embodiment, the micro-fluid 
ejecting device is a thermal or piezoelectric ink jet printhead. However, the invention 
is not intended to be limited to ink jet printheads as other fluids may be ejected with a 
micro-fluid ejecting device according to the invention. 

15 In one embodiment of the invention, the semiconductor substrate 16 includes a 

programmable memory array 38 embedded in the substrate 16. A portion of a 32-bit 
programmable memory array 38 is illustrated schematically in Fig. 3. As shown in 
Fig. 3, the programmable memory array 38 includes a plurality of PMOS or NMOS 
floating gate transistors 40, coupled between row 42 and column 44 pass transistors. 

20 The combination of floating gate transistor 40 and pass transistors 42 and 44 define a 
memory cell. Memory cells may include either PMOS floating gate transistors 40 or 
NMOS floating gate transistors 50 (Fig. 5). In the embodiment shown in Fig. 4, 
colimm pass transistor 44 is a PMOS transistor and row pass transistor 42 is an 
NMOS transistor. An NMOS floating gate memory cell 48 as shown in Fig. 5 may 

25 be provided by using an NMOS floating gate transistor 50 instead of a PMOS floating 
gate transistor 40 coupled to the pass transistors 44 and 42. 

In a particularly preferred embodiment, the floating gate transistor 40 is a 
PMOS transistor 40 shown schematically in cross-section in Figs. 6 and 7. Each of 
the floating gate transistors 40 contains an electrically isolated polysilicon floating 

30 gate 52 capable of storing charge (electrons). The amount of electrons stored on the 
floating gate 52 modifies the behavior of the floating gate transistor 40. 
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The floating gate transistor 40 includes a pair of spaced apart regions 54 and 
56 (source and drain) which are opposite in conductivity type to the conductivity type 
of a substrate 58. The regions which define a pair of PN junctions, one between each 
region 54 and 56 and the substrate 58 may be produced on the substrate 58 using 
5 commonly known semiconductor techniques. The floating gate 52 of the transistor 40 
is spatially disposed between the regions 54 and 56 and is preferably completely 
enclosed within insulative layers 60 and 62, so that no electrical path exists between 
the gate 52 and any other parts of the transistor 40. Metal contacts represented by 
lines 64 and 66 are used to provide electrical contacts to the source and drain regions 

10 54 and 56, respectively. The transistor 40 may be produced in the semiconductor 
substrate 58 using known MOS or silicon gate technology. 

As shown in Fig. 6, the substrate 58 comprises an N-type silicon substrate 58, 
the source and drain regions 54 and 56 comprise P-type regions, the contacts 64 and 
66 comprise aluminum or other conducting metal, and the gate 52 comprises silicon 

15 or polysilicon. The insulative layers 60 and layer 62 comprise a silicon oxide such as 
SiO or Si02. The N-type region may be an NWELL region in a P-type substrate. 

Insulative layer 60 which separates the gate 52 from the substrate 58 may be 
relatively thick; for example, it may be about 100 Angstroms to about 1,000 
Angstroms thick. This thickness may be readily achieved using present MOS 

20 technology. Insulative layer 62 is preferably about 8,000 Angstroms thick and is 
preferably comprised of a thermally grown silicon oxide directly above the gate 52 
and chemical vapor deposited doped silicon glass above the thermal oxide. 

The gate 52 of the transistor 40 may be charged without the use of a charging 
gate or electrode attached to the gate 52. The charge is placed on the gate 52 through 

25 use of the metal contacts 64 and 66 and the substrate 58. A charge is transferred to 
the gate 52 through the insulative layer 60 by a combination of capacitive coupling 
between the source 54 and the gate 52, drain-induced barrier lowering (DIBL), and 
punchthrough. For example, the source region 54 may be coupled to ground via the 
contact 64 and region 56 may be coupled to a negative voltage via contact 66 while 

30 the substrate 58 is also grounded. To charge the gate 52, a negative voltage is applied 
to contact 66 of sufficient magnitude to cause current flow from drain 56 to source 54. 
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Impact ionization in the drain's high filed region will generate hot electrons. The 
electrons are injected into the gate oxide 60 and accumulated in the floating gate 52. 
For a single bit per cell device, the transistor 40 either has little charge (<5,000 
electrons) on the floating gate 52 and thus stores a "1" or it has a lot of charge 
5 (>30,000 electrons) on the floating gate 52 and thus stores a "0." 

Once the gate 52 is charged, it will remain charged for a substantially long 
period of time since no discharge path is available for the accumulated electrons 
within gate 52. After the voltage has been removed from the transistor 40, the only 
other electric field in the structure is due to the accumulated electron charge within 

10 the gate 52. The charge on the gate 52 is not sufficient to cause charge to be 
transported across the insulative layer 60. It will be appreciated that the gate 52 could 
have been charged in the same manner as described above with the substrate 58 
and/or contact 64 biased at some potential other tiian a groimd potential. 

The existence or non-existence of a charge on gate 52 may be determined 

15 by examining the characteristics of the transistor 40 at the contacts 64 and 66. This 
may be done, for example, by applying a voltage between contacts 64 and 66. This 
voltage should be less than the voltage required to cause an accumulation of charge on 
the gate. The transistor 40 more readily conducts a ciirrent if a charge exists on gate 
52 as compared to the current conducted by the same transistor without a charge on its 

20 gate 52, thereby acting as a depletion mode transistor. While the foregoing floating 
gate transistor 40 has been described as a PMOS type transistor, the same stmcture 
can be provided by a P-type substrate with N-type regions for the source and drain, 
i.e., and NMOS transistor. An NMOS transistor is charged positively by hot-hole 
injection using the same programming method as used for the PMOS device. 

25 In a preferred embodiment, the programming voltage required for 

programming the floating gate transistor 40 is greater than about 8 volts for about 100 
microseconds or longer. Reading voltages are preferably less than about 3 volts. 
Accordingly, programmed floating gate transistors 40 according to the invention will 
preferably pass from about 10 to about 200 microamps of current at a reading voltage 

30 of about 2 volts. Unprogrammed floating gate transistors 40 will preferably pass less 
than about 100 nanoamps of current at a reading voltage of about 2 volts. A graph of 
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the current for a reading voltage of 2 volts versus the pulse duration time for 
programming the floating gate transistor 40 at about 8 volts is illustrated in Fig. 8. 

The charge on the gate 52 may be removed by a number of methods, including 
but not limited to X-ray radiation and ultraviolet (UV) light. For example, if the 
5 transistor 40 is subjected to X-ray radiation of 2x 10^ rads through the insulative layer 
62, the charge on the gate 52 will be removed. Likewise, exposing the gate 52 
through the insulative layer 62 to UV light of the order of magnitude below 400 
nanometers will cause the charge to be removed from the gate 52. Also, subjecting 
the transistor 40 to a temperature of greater than about 100^ C. will accelerate charge 

10 loss from the gate 52. 

In order to protect floating gate transistors 40 or 50 in the programmable 
memory matrix 38 from inadvertent deprogramming, it is preferred that at least the 
area of the semiconductor substrate 16 containing the programmable memory matrix 
38 contain a layer opposite the substrate that is sufficient to block UV light. This 

15 layer may be selected from a variety of materials, including but not limited to metals, 
photoresist materials, and polyimide materials. In a preferred embodiment, the nozzle 
plate 1 8 (Fig. 2) is preferably made of a UV light opaque polyimide material and the 
nozzle plate 18 covers the area of the substrate 16 containing the programmable 
memory matrix 38. Likewise, a metal, such as a copper or gold conductor, may also 

20 be provided over the programmable memory matrix 38 to block UV light. 

A plan view of the layout of a semiconductor substrate 16 containing a 
programmable memory matrix 38, heater resistors 28 and heater drivers 70 is shown 
in Fig. 9. The progranunable memory matrix 38 is embedded in the substrate 16 
containing fluid ejection devices 28 and drivers 70. In the device 14 shown in Fig. 9, 

25 a single slot 32 is provided in the substrate 16 to provide fluid such as ink to the ink 
ejection devices 28 that are disposed on both sides of the slot. However, the invention 
is not limited to a substrate having a single slot 32 or to fluid ejection devices 28 
disposed on both sides of the slot. The nozzle plate 1 8, preferably made of a UV light 
opaque material such as polyimide is attached to the substrate 16 and preferably 

30 covers the area of the substrate containing the programmable memory matrix 38 so as 
to prevent deprogramming of the memory matrix 38 during use. 
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The area of the substrate 16 required for containing the progammable memory 
matrix 38 preferably has a width dimension W ranging from about 100 microns to 
about 5000 microns and a length dimension D ranging from about 100 microns to 
about 5000 microns. Accordingly, the memory density on the semiconductor 
5 substrate 16 is preferably greater than about 200 bits per square millimeter. Such a 
memory density is effective to provide a variety of data storage and data transfer 
functions to the micro-fluid ejection head 4. For example, the memory matrix 38 may 
be used to provide micro-fluid device head 14 identification, alignment characteristics 
of the head 14, fluid properties of the head 14 such as color, and/or the memory 

10 matrix 38 may be incremented to provide fluid levels or fluid use data. The data 
storage functions of the memory matrix 38 are virtually unlimited. 

With reference again to Fig. 3, a method for reading and/or writing to the 
memory matrix will now be described. Initially, each of the floating gate transistors 
40 in the matrix are improgrammed. To program floating gate transistor FGi,i in 

15 column 1 and row 1 of the matrix, a voltage of at least about 10 volts is applied to 
column transistor Ci,i through voltage input Vi for a period of time sufficient to apply 
a charge to the floating gate of transistor FGi,i. In this case, FGi,i is charged thereby 
providing a current path to pass transistor Ri in row 1 of the matrix 38. The pass 
transistor Ri is connected to a sense amp 72 for sensing the current. If a current of 

20 from about 10 to about 200 microamps is sensed by the sense amp, when a voltage of 
about 2 volts is applied to voltage input Vi, floating gate transistor FGi,i is in a 
programmed state. In this case, the presence or absence of current sensed by the 
sense amp 72 provides a digital signal of 0 to the micro-fluid ejecting device. By 
contrast, if the current sensed by sense amp 72 is less than about 100 nanoamps, the 

25 floating gate transistor FG|,i is in an unprogrammed state. The absence of current 
sensed by the sense amp 72 provides a digital signal of 1 to the micro-fluid ejecting 
device. 

The column pass transistors Cij to Cn^m and row pass transistors Ri to Rn, 
where m is the number of columns and n is the nimiber of rows can be used to select 
30 which of the floating gate transistors FGi,i to FGn,m are programmed by 10 volts 
applied to Vi to Vm- The same process can be used to program the other floating gate 



Express Mail No,: EU318641365US 



Lexmark Docket No.: 2003-0434.02 



transistors 40 in the matrix by applying voltage to V2 through Vm and selecting the 
appropriate row and column pass transistors. In a particularly preferred embodiment, 
the memory matrix contains at least 128 columns and 32 rows containing the memory 
cells 46 described above. 
5 Fig. 10 is a partial logic diagram for a micro fluid ejection device 74 such as a 

printer 75 (Fig. 11) according to the invention. The device 74 includes a main control 
system 76 connected to the micro fluid ejection head 14. As described above with 
reference to Fig. 9, the head 14 includes device drivers 70 and fluid ejection devices 
28 connected to the device drivers 70. The programmable memory matrix 38 is also 

10 located on the ejection head 14. The ejection device 74 includes a power supply 78 
and an AC to DC converter 80. The AC to DC converter 80 provides power to the 
ejection head 14 and to an analog to digital converter 82. The analog to digital 
converter 82 accepts a signal 84 from an external source such as a computer and 
provides the signal to a controller 86 in the device 74. The controller 86 contains 

15 logic devices, for controlling the function of the drivers 70. The controller 86 also 
contains local memory and logic circuits for programming and reading the memory 
matrix 38. Accordingly, the operation of the device 74 can be tailored to the inputs 
received fi-om the memory matrix 38 thereby improving the operation of a device 74 
such as an ink jet printer. 

20 It is contemplated, and will be apparent to those skilled in the art from the 

preceding description and the accompanying drawings, that modifications and 
changes may be made in the embodiments of the invention. Accordingly, it is 
expressly intended that the foregoing description and the accompanying drawings are 
illustrative of preferred embodiments only, not limiting thereto, and that the true spirit 

25 and scope of the present invention be determined by reference to the appended claims. 
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